Metal-linked dimerization in the iron-dependent regulator from Mycobacterium tuberculosis.
The iron-dependent regulator (IdeR) is a 230-amino acid transcriptional repressor that regulates iron homeostasis, oxidative stress response and virulence in Mycobacterium tuberculosis. The natural ligand for IdeR is Fe(II), but Ni(II), Co(II), Cd(II), Mn(II), and Zn(II) also bind to and activate the protein in vitro. Protein activation by metal is a complex process involving metal-induced folding of the N-terminal domain, changes in the interaction between the N- and C-terminal domains, and the formation of homodimers. Here, we investigate the energetics of dimerization and metal binding in IdeR. The dimerization energetics were determined as a function of metal binding using equilibrium analytical ultracentrifugation. The equilibrium dimer dissociation constant of apo-IdeR was 4.0 microM at 20 degrees C. The dissociation constant decreased to 0.5 microM in the presence of one equivalent of Ni(II)Cl(2) and decreased further (K(d) << 50 nM) in the presence of excess Ni(II). IdeR contains two tryptophan residues. The addition of Ni(II) induced changes in fluorescence intensity and emission maximum of the tryptophan residues that strongly depended on protein concentration. At low IdeR concentration, fluorescence was enhanced at low metal-to-protein ratios but was quenched at high metal-to-protein ratios. At high IdeR concentration, metal binding resulted only in fluorescence quenching. The fluorescence enhancement at low protein concentrations was buffer-dependent and required the presence of both tryptophans. Metal binding affinity was measured quantitatively using equilibrium dialysis. The results showed strongly positive cooperative binding of three equivalents of metal per monomer with an average apparent dissociation constant of 2.2 +/- 0.3 microM and a Hill coefficient of 2. Metal binding was not cooperative in an IdeR variant that showed reduced affinity for dimer formation. The results of this study establish the positive cooperative nature of metal binding by IdeR and suggest that dimerization is a major contributor to cooperative binding. The strong coupling between metal binding and dimerization places specific constraints on the activation mechanism.